INTRODUCTION
Rubner (1) in 1902 developed the conception of a specific dynamic action for protein, glucose, and fat. He thought that the extra.heat produced during the digestion and oxidation of protein, glucose, or fat was derived from the intermediary metabolism of the foodstuffs themselves. He also showed that this extra heat was waste heat, and that it could not be utilized by the organism for the production of muscular work.
That this original conception of Rubner was in part incorrect has been shown by more recent studies. Lusk and his associates have proved that, in the case of protein, the process of deamination and urea formation have no effect upon heat production (2) . They have also presented experiments (3) showing no specific dynamic action in dogs with the amino acids, glutamic and aspartic, while glycocoll and alanin in a normal dog caused a marked increase in heat production. Furthermore, Lusk (4) demonstrated that the specific dynamic action of glycocoll was independent of its oxidation. Grafe (5) in 1915 , in a series of experiments upon rabbits, dogs, and men, obtained evidence that glutamic acid, asparagin, phenylalanine, ammonium chloride and acetamid as well as glycocoli and alanin caused an increase in heat production. More recently Atkinson and Lusk (6) presented a critical review of Grafe 's work, and reported experiments with asparagin, aspartic and succinic acids, ammonium citrate and acetamid, finding in no case evidence of a specific dynamic action.
STUDIES ON SPECIFIC DYNAMIC ACTION
In 1918 Burge and Neil (7) (8) reported that the increase in heat production associated with the eating of foods was accompanied by an increase of catalase in the blood, an enzyme which was able to liberate oxygen from hydrogen peroxide. After a meat meal the increase in catalase was most marked. They found that glycocoll and alanin produced an increase in catalase while glutamic acid did not. Subsequently, Burge (9) conducted experiments to see if aspartic and succinic acids, acetamid and asparagin, would produce an increase in the blood catalase. His conclusion was that the introduction of small amounts, 5 grams per kilo of body weight, of glutamic, aspartic, and succinic acids, asparagin, and acetamid produced no increase in catalase, while large amounts, 14 grams per kilo of body weight, did produce such increase. This work has not been confirmed.
More recently Aub, Everett and Fine (10) have reported observations upon the intravenous adminstration of glycocoll in urethanized and decerebrate cats. Glycocoll given intravenously in 5 and 10 gram doses in four experiments showed no specific dynamic action in urethanized animals while in four experiments upon decerebrate cats with an average weight of 3 kilos, glycocoll given intravenously in 5-gram doses gave an average increase of heat production of 29.9 per cent.
These facts tend to indicate that the specific dynamic action of protein, contrary to Rubner's original conception, is not inherent in the oxidation of the protein molecule itself. Certain amino acids, while undergoing their own intermediary metabolism, apparently stimulate the tissue cells to produce more heat. The observations of Grafe, contradictory to Lusk's experiments, were not subsequently confirmed by Lusk. Since the report of Burge and Neill that the eating of foods was accompanied by an increase of blood catalase has not been confirmed, its significance cannot be evaluated. The fact that Aub, Everett and Fine have reported the absence of specific dynamic action for glycocoil in urethanized animals may lead to observations that will throw light on the fundamental nature of the process.
The mechanism of the extra heat production after the ingestion of glucose is thought to depend upon its combustion. If the ingested 354 glucose is converted first into glycogen Johansson (11) reported that there was no extra heat produced. Glucose, ingested by a diabetic and excreted in the urine, causes no increased heat production. That absorption and circulation of glucose is without effect upon heat production was clearly shown by Lusk (12) in phloridzinized dogs. Lusk ascribed the specific dynamic action of glucose as being due accordingly to an interrelationship between the circulating glucose and the metabolizing cells themselves, that is "the metabolism of carbohydrate plethora. " In the case of fat the fundamental mechanism of the extra heat production would appear to be of the same nature as that of glucose. It depends directly upon the quantity of oxidizing fat, is parallel to the level of the blood fat, and likewise has been termed by Lusk, "the metabolism of fat plethora".
EXPERIMENTAL STUDES
In this communication are reported six cases of disturbed nutrition, the onset and course of which in five was associated with definite subjective symptoms of ill health. In these five cases there was a progressive loss of weight. Studies upon the specific dynamic action of protein, glucose, and fat in all cases showed varying degrees of abnormality. Regulation of the diet in accordance with the altered specific dynamic action resulted in a satisfactory gain in weight in four of the cases. In the other two, sufficient time has not elapsed to make a definite statement. When an improved level of nutrition had been established, in the three cases studied a marked change in specific dynamic action had taken place.
In the determination of the specific dynamic action three types of meals were used: a "protein" meal containing 150 or 200 grams of lean beef as stated; a "carbohydrate" meal of 100 grams of glucose dissolved in 300 cc. of lemonade which contained 60 cc. of lemon juice; and a "fat" meal composed of 200 cc. of 20 per cent cream, 40 grams of butter, and 30 grams of toast.
The case reports of these six cases are appended.
STUDIES ON SPECIFIC DYNAMIC ACTION ANALYTICAL METHODS AND CALCULATIONS
Throughout the experimental periods all the cases were hospitalized. Only in those cases where stated was a known intake of food maintained. Between experiments there was no restriction of activity. All basal metabolic rate determinations were conducted with the patient strictly controlled as to the "basal" state. The prolonged respiratory experiments to determine the rise in heat production after the "protein," "glucose" and "fat" meals extended over three to six hours as stated. A preliminary "basal" hour was observed in each experiment at the end of which the patient ate the meal. With the subject remaining at rest in bed, expired air was collected in Douglas bags during the final ten minutes of the "basal" hour, and during the final ten minutes of each subsequent period. The volume and temperature of the expired air was determined by a wet meter, gas analysis being completed in duplicate on the Henderson machine. Fluid intake was maintained constant at 200 cc. per hour. Urine was collec ted each hour and total nitrogen determined by the Kjeldahl-Gulnning technique The non-protein respiratory quotients were calculated in the usual way. The caloric value of oxygen for calculation of the non-protein calories was obtained from the tables of Zuntz and Schumberg as modified by Lusk (13) . The protein calories were figured from the urinary nitrogen employing the factor 26.51. The calculation of the percentage increase of heat production above the "basal" level in the experimental periods was figured from the total calories produced.
The meat given as the "protein" meal was analyzed for its nitrogen content each day, and its protein content obtained by using the factor 6.25. Since the 60 cc. of lemon juice given with the "glucose" meal contained only three grams of carbohydrate as determined by analysis it was neglected in the calculations. In the case of the "fat" meal the fat content of the cream was also determined. For the calculation of the ingestion of protein calories the factor 4.1 and Lor the glucose calories the factor 3.74 were used.
In those few observations where the basal metabolic rate was determined by oxygen consumption a Sanborn-Benedict closed system machine was used.
The Sage Foundation standards of normal basal metabolism were employed throughout. Studies upon pure fat by Magnus-Levy (17) indicated that the extra heat production amounted to about 2.5 per cent of the total calories ingested. Carpenter and Benedict (14) reported that it was about 3 per cent of the fat calories ingested.
For the purpose of controlling the reported observations like experiments were conducted upon five hospital patients who presented conditions unlikely to affect specific dynamic action. This data is tabulated in tables 1, 2, and 3, and composite curves of the average percentage rise in heat production shown graphically in chart 1. In 
(a e eq -+I cases upon whom each of the three types of experiments were carried out. This uniformity of the basal heat production lends accuracy to the experimental periods. The meals used were the same as in most of the experiments with the cases of undernutrition. The "protein" meal contained 200 grams of lean beef, the "glucose" meal 100 grams of glucose plus 60 cc. of lemon juice, and the "fat " meal 200 cc. of 20 per cent cream, 40 grams of butter, and 30 grams of toast.
In the case of the protein "controls" some individual irregularity was found in the time of the maximum percentage increase of heat production. This was most marked in no. 45145, who showed the greatest increment caloric increase in the first hour. The average results of the seven experiments present a uniform percentage increase of heat production which reaches a plateau between the fourth and and the fifth hours. The average total increment increase of heat production was 34.49 calories in 4 hours, individual variationis ranging from 26.03 to 46.40 calories. The average total increment increase of heat production in 4 hours was 20.4 per cent of the ingested protein calories.
The individual variations in the five glucose "control" observations may be due to variations in the patients' glycogen reserves. When these are depleted no rise in the respiratory quotient may follow the ingestion of glucose, as originally noted by Zuntz and Mering (18) . This has been considered to be due to storage as glycogen, and Johansson (11) showed that if ingested glucose was first converted into glycogen no extra heat was produced. The total caloric increment increase in 3 hours averaged 18.25 calories, which was 4.9 per cent of the total ingested energy intake.
Since the rise in heat production after the ingestion of fat is supposed to be dependent upon oxidation, so .the individual variations as seen in the fat "controls" may in part be explained. The average percentage hourly increment increase presented a smooth curve. The average total increment heat increase in 4 of age. In the first five cases the basal metabolic rates were appreciably below normal, reaching the low figure in case I of minus 31 per cent. With these low levels of basal metabolism the findings characteristic of myxedema were completely absent. Blood pressures were not significant.
Photographs of cases I, II, III, and VI taken upon admission are appended which give one a visual conception of the degree of undernutrition. A second photograph of case I is also shown, taken in August, 1926, after nutrition had been re-established.
The uniformity of the basal metabolic rate in all cases and its parallelism in cases I and III to an improved state of nutrition is .I - The percentage relationship between the ingested glucose calo-ries and the total increment caloric increase was greater than in the average controls in cases I, II and III, and less in cases IV and V.
Specific dynamic action of fat. In five of the six cases the specific dynamic action of fat presented certain quite definite abnormalities. In all except case V the maximum percentage increase of heat production was much higher than in the average "control" group. This was very noticeable in cases I, III, IV and VI, where the maximum was 30.7, 47.6, 26.5 and 26.2 per cent respectively. These results are comparable to the maximum in the "control" group of 15.9 per cent. In cases I, II and VI the rapidity of the rise of heat production was significant, the maximum percentage caloric increase being obtained in the second hour. One-third of total diet for each meal.
The total caloric increase in comparable 4-hour periods averaged much the same in the cases of undernutrition as in the controls. This was due to the lower basal level of the cases of undernutrition and the more rapid decrease in heat production after the maximum level had been attained. The percentage increase of heat production in relationship to the ingested fat calories was greater in cases I, II, III and VI than in the average "control" group.
In three cases, I, II and III, subsequent observations after an improvement in nutrition had taken place showed much less specific dynamic action for fat: experiments 8, 9, 15 and 21.
Effect of adrenalin in case I. An observation after 0.5 mgm. of adrenalin, experiment 5, gave a maximum percentage rise of heat production in thirty minutes of 20.0, in one hour of 27.0, falling practically to the basal level by the end of the second hour. These findings are quite comparable with the observations of Boothby and Sandiford (19) on the calorigenic action of adrenalin. Twenty-four hour heat production in case I. Observations on the total heat production were made throughout twenty-four hours as shown in table 7. During this period the individual remained in bed, resting quietly most of the time. Three meals were eaten as stated. The basal level of heat production at the beginning and at the end of the period were almost identical. The' maximum level of heat production was found four hours after dinner. A calculation of the total heat production above the basal level throughout the twenty-four hours showed that the individual expended 124.6 calories, which was 6.41 per cent of the total caloric intake of 1942 calories, 13 per cent of the total calories produced, or 15 per cent of the basal level of heat production.
DISCUSSION
The finding of abnormal specific dynamic action of the food factors associated with the development of marked states of undernutrition is considered to be of considerable significance. That the abnormality may disappear when a more normal level of nutrition has been attained would be indicated by the later observations in cases I, II and III. That this increased specific dynamic action for certain foodstuffs is the factor that causes the loss of weight might be indicated by the gain in weight following restriction of that food factor in the diet. (See case histories for details of diets.)
The fact that five of the cases ranged from 14 to 18 years of age is possibly of significance. Whether at this period in life, when the development of secondary sexual characteristics is active, some endocrine unbalance develops one can only suggest. That case II had certain findings characteristic of a future giant may be relevant. Also the well-known finding of Plaut (20) and others that the Frohlich's type of obesity shows very little specific dynamic action for protein is suggestive.
STUDIES ON SPECIFIC DYNAMIC ACTION
The low level of basal metabolism in the five cases where the undernutrition was associated with symptoms of ill health is considered to be due in part to the poor state of nutrition and in part to a compensatory mechanism that the body acquired to save heat under such circumstances. In cases I and III this was partly corrected with a gain in weight. In case II it remained unchanged but due to the gain in height associated with the gain in weight the general nutrition remained much the same.
The most marked abnormality seen in all cases except case V was the extraordinary rise in heat production after the " fat " meal. There was a much greater percentage rise than with the controls and the maximum level of heat production in three cases was attained at the end of the second hour. Personal history. Birth was normal, the delivery being spontaneous. During infancy she was rather small but fat, and was breast-fed for twelve months.
Throughout childhood she developed normally, being plump with "bright red cheeks" until the onset of the present trouble in July, 1925 . She had measles and chicken pox as a child and menstruation began at twelve years of age. It was rather irregular for the first year and during the last three months has been absent. Mentally she was very bright, leading her class at school.
Physical examination. Height 146 cm., weight 27.5 kilos, temperature, 97°F., pulse, 76. The general appearance was that of a pale-skinned young girl who looked about two years older than her stated age. Her face and trunk were thin, the bony landmarks being prominent. There was little subcutaneous fat and the skin was of a dry texture. There was no edema. Both the lateral lobes and the isthmus of the thyroid gland were slightly enlarged, but of a soft uniform consistency. There was no evidence of increased vascularity. All the subcutaneous lymphatic glands were small, palpable, but not tender. The heart and lungs were normal. Blood March 12, 1926 . She was quite well up until October, 1925, when she had an attack of jaundice associated with fever. After four weeks in bed the jaundice disappeared, but she remained weak, had no appetite, and began to lose weight. Food caused a sense of discomfort in her epigastrium. Weakness became very marked, confining her to bed for three months prior to admission. The loss of weight was approximately 23 kilos.
Personal history. Menstruation was regular up until October, 1925, but since then it had been absent.
Physical examination. Height 158 cm., weight 34.1 kilos, temperature 98°F., pulse 100. The picture was that of an extremely emaciated young woman, suffering from marked mental depression. A thorough examination including gastrointestinal, gall bladder, and liver function studies failed to account for her present state. There was slight epigastric tenderness and very slight motor delay in the stomach. The blood pressure was systolic 92 and diastolic 56 mm., Hg. The basal metabolic rate averaged minus 25.8 per cent. The photograph shows her state of nutrition.
Progress of case. In view of the abnormal rise in heat production after glucose and fat, a diet of protein 100 grams, fat 100 grams, and carbohydrate 150 grams was given. At first it was a continual struggle to get her to eat food, but with persistence a slight gain in weight commenced. By discharge on June 21, 1926, her weight had increased to 40 kilos and she had few complaints. With the gain in weight her mental attitude improved and she was up and about the ward each day. On June 17, 1926, the basal metabolic rate was minus 17 per cent. Coincident with the gain in weight and the rising basal metabolism there was a great decrease in the abnormal rise in heat production after glucose and fat. 
